The AR (androgen receptor) is a ligand-activated transcription factor and member of the steroid receptor superfamily. The AR responds to the ligands testosterone and dihydrotestosterone and activates multiple downstream genes required in development and reproduction. During the events of transactivation, the AR makes specific protein-protein interactions with several basal transcription factors such as TBP (TATAbox-binding protein) and TFIIF (transcription factor IIF). These interactions occur predominantly within a defined region termed AF1 (activation function-1) located within the highly disordered N-terminal domain of the receptor. Our focus is on the structural aspects of AF1 and how this flexible and disordered domain generates functional interactions with regulators of transcription. Our working hypothesis is that AR-AF1 domain exhibits induced folding when contacted by transcription regulators (such as TFIIF) into a more compact and 'active' conformation, enabling further co-regulator recruitment and ultimately transcription. Structural flexibility and intrinsic disorder of AR-AF1 were studied using predictive algorithms and fluorescence spectroscopy under different experimental conditions and the results revealed this domain retains characteristics indicative of molten-globule or pre-molten-globule-like structures. We hypothesize that this partially folded intermediate state is important for, and enables the AF1 domain to make, multiple protein-protein interactions. The structural aspects of AR-AF1 and interactions with TFIIF are discussed.
Introduction
The AR (androgen receptor) is a member of the SHR (steroid hormone receptor) family, which also includes the oestrogen, progesterone, mineralocorticoid and glucocorticoid receptors [1] . This family of receptors has a modular and well-defined domain organization ( Figure 1A ). The central domain and CTD (C-terminal domain) are involved in DNA recognition and ligand binding respectively. The structures of these domains are well characterized and have been solved by crystallography for most of the SHRs. Interestingly, members of this family have an apparently disordered and structurally flexible N-terminal domain, containing residues important for creating protein-protein interactions during the events of transcription, termed AF1 (activation function-1) (for a review, see [2] ).
In response to stimuli, the AR in complex with heat-shock/ chaperone proteins undergoes a conformational change and translocates into the nucleus. Subsequently, nuclear AR forms homodimers and binds to specific response elements upstream of regulated genes. At the promoters of these genes, the AR is able to recruit members of the basal transcription Key words: basal transcription factor, molten globule, protein-protein interaction, steroid hormone receptor, transactivation domain, transcription. Abbreviations used: AF, activation function; ANS, 1-anilino-8-naphthalenesulfonate; AR, androgen receptor; CTD, C-terminal domain; RAP, RNA polymerase II-associated protein; SHR, steroid hormone receptor; SPR, surface plasmon resonance; TBP, TATA-box-binding protein; TFIIF, transcription factor IIF; TMAO, trimethylamine-N-oxide. 1 To whom correspondence should be addressed (email iain.mcewan@abdn.ac.uk).
machinery [such as TBP (TATA-box-binding protein) and TFIIF (transcription factor IIF)] in addition to a variety of co-regulators {such as p160 family members and CBP [CREB (cAMP-response-element-binding protein)-binding protein]}. It is thought that the flexible nature of the AF1 domain allows multiple contacts to be made with numerous basal transcription factors and co-regulators, which ultimately results in the recruitment of RNA polymerase II and the initiation of transcription (for a review, see [2] ).
Kinetics of AR-AF1-TFIIF interactions
The general transcription factor TFIIF is a heterotetramer (α 2 β 2 ) of RAP30 (RNA polymerase II-associated protein 30) and RAP74 subunits. During transcription, TFIIF plays multiple roles in pre-initiation complex assembly, stability and elongation efficiency (for a review, see [3] ). We originally identified RAP74 in a screen for interacting partners of AR-AF1 [4] . In further studies, the binding site for AR-AF1 was mapped to the N-and C-terminal regions of RAP74 and using site-directed mutagenesis amino acids in AF1 that selectively disrupt binding of RAP74 were identified [5, 6] .
We have recently calculated the kinetic rate constants for the interaction of AR-AF1 with the full-length and subdomains of the large subunit TFIIF using SPR (surface plasmon resonance). Different kinetic profiles were observed and collectively we observe K d values in the nanomolar To further analyse the interaction of AR-AF1 with RAP74, mutations were introduced into the highly conserved CTD of RAP74. Crystal structures demonstrate that RAP74-CTD is composed of three helices followed by an antiparallel β-sheet forming a tight globular domain [7] . By substituting conserved hydrophobic residues for proline, the individual helices that support the structure of RAP74-CTD were targeted for disruption. In subsequent proteinprotein interaction assays, it was observed that helix 3 played an important role in AR-AF1 interactions (D.N. 
Intrinsic disorder and molten globule characteristics of AR-AF1
It has become increasingly clear that numerous proteins contain intrinsically disordered regions with limited secondary structure (for a review, see [8] ). Furthermore, many proteins show induced folding when binding target proteins. Induced folding has several advantages over interactions between folded proteins, including the possibility of multiple conformers and therefore multiple binding targets, loose assembly of multiprotein complexes and specificity without the need for high-affinity binding (for a review, see [8] ).
Our recent studies on the structural aspects of AR-AF1 suggest that it exists as a protein domain with limited secondary structure and high proportions of intrinsic disorder (Figure 1) . Using CD and Fourier-transform infrared spectroscopy, it was found that the AF1 domain exists in an unstructured state in aqueous solution [9, 10] . Interestingly, TMAO (trimethylamine-N-oxide), a natural organic osmolyte, induced folding of this domain and increased the levels of α-helical structure at the expense of β-strand and turn [9, 10] . Significantly, incubation with the RAP74-CTD induces a similar change in AR-AF1 structure [9, 10] . Using fluorescence spectroscopy, the λ max for tryptophan emission was found to be intermediate between that expected for a random coil (fully solvent-exposed) and globular structured protein (buried) and the tertiary structure of AR-AF1 could be both stabilized or destabilized by addition of TMAO and urea respectively (Figure 2) . Together, these observations suggest that AR-AF1 exists in an unfolded state that is not random coil, but may resemble a molten-globulelike conformation. Using the hydrophobic probe ANS (1-anilino-8-naphthalenesulfonate), the molten-globule-like characteristics of AR-AF1 were analysed further. This probe has been used previously to dissect out protein folding states due to the fact that ANS will interact with only moltenglobule intermediates (i.e. not random coil or fully folded forms) [11, 12] 
Discussion
The AF1 domain of the AR makes specific proteinprotein interactions with members of the basal transcription machinery, including TBP and TFIIF. We have previously characterized the interaction between the AF1 domain and the major subunit of TFIIF, RAP74 [4, 5] , and have observed differential interactions with the N-/C-termini of RAP74, with the CTD representing the major binding site [5] . The interaction with RAP74 is disrupted by selective point mutations in the AF1 domain [5, 6] . More recently, using a unique dual-reporter gene cell-free transcription assay, these AF1 mutants were found to impair the ability of the AF1 domain to squelch basal transcription in HeLa nuclear extracts [13] . Interestingly, holo-TFIIF can specifically reverse AR-AF1-dependent squelching of a promoter-proximal transcript, suggesting that this interaction has important functional roles during the early steps of transcription [13] .
To investigate the interaction of AR-AF1 and TFIIF further, we used SPR to characterize the binding kinetics. Similar to our initial findings, we observe differential binding of AR-AF1 to the termini of RAP74. This differential binding may play a functional role in vivo as the AR must form homodimers before it can be fully active. The AF1 domain has been shown to be highly disordered, consistent with other transactivation domains. Using spectroscopic techniques, we have shown that the structure of AF1 domain can be induced by incubation with TMAO or interestingly RAP74-CTD. Using the probe ANS, we now have evidence that the AF1 domain behaves in a molten-or pre-molten-globule-like manner and that this may aid in multiple target protein binding. Dissecting out the dynamic interplay between AF1 domain structure and the recruitment of proteins that regulate transcription remains the focus of ongoing studies. 
